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ABSTRACT



A ccmtinuing problem in Alar astrophysics IS ruxmciling globular cluster ages vnfh the

age of fhe Galaxy and univeme deduced by orher mcdsafs. The Hubble LSgCdenvcd h-urn ,

galaxy rcdshiffs (assuming - cosmological consurt[) has bom q~ofcd by various group JI

berwecn 6.9 Gyr (de Vmscoulcun 1982) and 13 Gyr (Tamman n isnd Sa.nd.age I W15) [n

contrasL globular cluster ages derived from s~dsud sIcllar evoluuon theory arc ~rs]srenr.ly

older. Pcmmors (1987) uses Lhe Iumi-sosity difference betwan dw honzmwal branch and

main-seqLence ru.rnoff to Ckrm’rrsineages of 4 I gtobuk chIsters. and finch ssbesranging from

1I Gyr (Pal 12) to 22 Gyr (NGC 6397). Jancs and Derruque (1983) find fmm Pasamernxd

fifs of 15 globuIu clusE ~UCSSCC6 to thOSC of koI’ctscW Iahnsncs tiaI globulw cius[cm

havc an age of about 166* 0.5 Gyr. d ccmcludc Lhal “globular clusmr ages us yoting as ]0

Gyr would would rcquuc large corruIIms [in dse rrsetdllcity wale or mixing Ieng[hj an~ would

ywld cluster prqm.ses inconsistent wIfh obsmvaticm ‘“

L. A. WiI.icon, G. H. Bowcn and C. Smsck-?vlmcell (IW17) havr rcccnlly proposed a

rrsdiflcmnon 10 Ssassdd Ucllar evniurlon rheory Shalcould ducc Lhc ages of globular Clustcm.

Wy mggem rha[ asarsof sptra.1 SYPS bctwum A and law-For early G, arnwng (m the mall]

~uencc al ifs inmaceoIM wifh fJscCcphcld pulsatzon Instablllty smp, may Iou a subsm.nt]at

@on of dtcir mass during Uw early PM of thmr rnasn scqusscc phase The propnscd mas~

10ss is pulsafiomdnven, arKI f~ilitatcd by raprd rsxamm Massloss rarcs ah large a~ wvcriil

~ lo” M~yr, Smv!!::hmg over urrEKdes of I@- 109 yar% arc cxpecrcd MMS loss

cuact M arvcloFc ccmvecom zuscs &velop, charmlme rrmchantcal energy away fmm

pulmiwr. and as ma~ ●tsc fielti &vciop, rnnsfcrrrng angular mrsnsarum to Ihe ouIflIJw and

braking roraricm The rural mass may dqxml upon rncuJIIcIIy, smcc tlw %scllar rnw

c~~mg 10 ~ d XC of k pulsaksrr srmablllry su-rp, or rJscmash w whwh ~~n

develop convalrve envelop, ckcruxa wNh ckcrcasmg Z In this sccnuro, Lhc

main-wqwrm Wrtoff bccorms an mvdid Indscalor rrf clusmr age. as ~fansIocmsedm Ifsc

apparent SUMOK may IMVC evolved km Iws of h@ser mma.1 rnms. hence clusters mmy

acfrsally & young= than Wy ~ar WIIIKM eI al MSRgCMIthm II 1~FM}IMC thrnlgl(jt.uhir

cluNcI’0 am nnokkr lfsmr 7-10Gyr

Thss pafm pwesrb mulfs of Dmlhr evohllfm calculsmm~ frw low mcralllclry slan

mludsng rna.rn-sqIKrKe nsam Irm. nuth W sod of &wrnmlng Ihc maximum glt~hular clu~t(v

age K41COOSSthaI cur & xhse- wrthouI pscratlng Inc(mIIsIcnu Ics v-i[h (}kwcd clu~icr

pmqwrUcL The evrrlulson calculmsom were cmwktcd ustnR the Ihcn , ! %5 I Wcllar CVId UII(III

ct-xk m mochficd trv Bnsmlh (19R2) Tlw mmn Iosmg modcli Iwvc IIIIIItil mmstc~ () ~. I (J.

I 2, I 4 and I 6 Mm, mlrsml 411c mast fractmn Y-O 2$, mltl~l mflal chunrfmllr 7. () (X)1. isml

consul mlxmg-lengthfpsum ualc hclghl rSII() (~l~n I 2$ fk lrndcl\ low rllu$\ Wllh

capmcntlally rWreasIng nsasn Iosn ratcb of chm-c!cnsll( r lIdd Ing [Imc r, rwdvIIIK IIwiiIItl A

final nstss of O 7 Ma, M) thal r.fwtu!lar MXM as ~ fun(’tl, m (If tlmr I*



Ml)= o.7+(Mi, -07) e-M
Q

The effective ccmpamrc of the 0.7 M. malcl is -5EKII K, and t.hccffcctlve mmpraturc of rhc

1.6 M. mcdel is - IO,SUI K, so wc arc posuslaursg mass loss for sw bcfwan spxmal rypcs

AO and eMIy-G. Mass-loss urncscalcs of 0.S, 10 and 2.0 L yr wcm consdcrcd.

Table 1 shows tie main-quence I.ifetrrms, and Flgurc; I -4 show cxa-rrsplccvo]ullrmar-y

wks of k -Is WSth 1 Gyr IICIWSCSICS A clusur WWII turnoff mass O 7 M@ and

nsetalliciry O.(XI would hwc an age deduced fimm smndard evolution calculimons of -18 Gyr

U SheIIIWS-10sS ** Is Shorl COm@ to I.tsCrn4.css-~uCrscc Ilfetmsc, Ihc mass-losmg

mcdcls follow fk nornd ccmslanl-mass main scquencc clcncly m LIseyevolve down 1007

w. aflcr this, their evoluticmry UXkS arc nurly Cndsstingwshable from tie cons~nl 07 M@,

-I uack for W rcnsamdcr of mssin-scqwscc arui fusf gunt-branch cvoluucrn Howcvrr,

tiir rnmrr-sque~c lifetimes can & slgnificandy shorrcr. & low as 8.12 Gyr, Inslead of 1B

Gyr Cocsmrlsing Table 1, a CIUSW’L sge can be rcduccd from 18 Gyr m 12 Gyr If prcscn(

wrroff sw were origisully 14 MO w+slrrrms Ims hmwscis.le0.5 C;yr, 12 MO wIr.h m~s~-km~

timesde 1.0 Gyr, ccc1.0 MO WIlfI snMs-10ss UrneMAIC 2.0 Gyr In rhs manner, CIUSWS with

svcU+iineaIUI rnain-~ucmc runoffs d gmm bmmks cm bc gcncrascd chararc m redIry

much youn~ IIWI they w from sJKir rrsmn-acqwnce nsmoff

T’nble I Masn-%qucnce Lsfetsnm of Cmsum-Mass mrsdMash Imsmg Mtxfcls

Mass.lmss Tmcscak (Gyr)

lrsItsal Mast (Mo) . 05 10 20

— ——

0.70 179

080 110 172

lcm 51 1.5 1 124

1.20 2.6 ]23 76

140 14 13 I 91

1.M-l 10 106

— -——— .—— . . . . . —.....——.



(Eggcn and I&n 1989). However, the lack of evidence for a significant ~rccntage of bmties ,

AWSOSSgglobular clusscr ssars (see e.g. Anthony-Twamg 1987. Rlchei and Fatdman 1984.

1986) and the presence of scores of blue stragglers in a nurnlmr cf globular L’]us~ (Ncmm

and MS 1987) weakrss lk bmary-blue s~ggler Ccmmncm. and mx.in-scquencc mass loss

,my offer an explanmion fm at IcasfsorMc.fhcsc blue smg.glers as non-mass-losings- tha[

svuc kft MsincI when 0s!! sw ‘“slid down” 10 IOWCTmasses.

A s~mrst _ of the fmt giarm branch sw m many globular clussms, e.g. NGC

362, MS, hf3, MIS, M92, 47 Tue. NW 6752 @andcnBerg and Smiti 1988), NGC 6171

(Smith 1988) and KISS (Wcht.kr 1988), hsvc low Cm abundance rauos inccxmswn[ w[h

t~ ssellar evolution. For MIS and M92, Ihc onset of i SI dredge-up -curs tit Iowcr

1uminosity and is sswrc puwuncai I’IM expected; for shc o!.hcr clusscrs, he C’N abundances of

giants aI siseunsc Iurmnairy is bimdal; for 47 Tuc Usebimcdallly ~ism dowr m dsc man

squcnce. Esplmmtiass propecd 10 da~, * rrwng m some cvolution~ phase

(Vusdcnkg and SmiUI 1988). and bsnary rrsms-smssfcr m COdeSCCfUC(Campkll 1986),

have nol ~ astiwly satisfmcry hta.ks-~ucmc mass loss also suggcm WI cxplarumon for

k *W obscwakrsss (- Table 2): Early evoiumcm w higher mm would Increase Ihc ~

:. ~she surf~, and can k mixal to fk surface urlicr by a convas.ivc cnvelsqx of usual depth

llc bimmlal hssdmccs coukl k ASXowsti fw by gmnts wish vqmg mmd mas- and

: mus-lcms ~a.lcs WY, if a ssm loses o“mr li2 of iLs mass cm she marrs-scqucncc, tic

fZN-~sd masmial IS already U@ ~unng she tin-sequence phase

Table 2. X(l~VX( 14N) of maas-k%sng tilt with final

mmss0.7 MO akr 1s1dNdgC-IJp phase

MASS.lxms TIrmwabc (Gyr)

lnmal Mast (B4O ) 0.5 10 10

—— — .

0.80 3fM

lfm 297 292

120 176 I 33

140 0679 fJ4~)

IMI o. I 39

—— -.-.—.——.——.

Clusms WIfh mcmtwrs IIISI e~~rscncai main uqucnm ma~i I{m sh~wld itw~w ti

dCf-kSCIICyOf WSIM, WKC [SAM curmnlly ppulsllnu Ihr g!vsl bmrwh htxi hlghcr pmgCIIIItW

massek, and should cxhiblt ~lpnsturm of much mass ltmk III Ihcir rna\\/lumln{ntw luIIc IItm\

Thr dcfkssmcy may nns ●~ar ●s rnxrkd m rx~ctcd, a~ the ImIId ma~i lUIKIIIWS\ dcduicd



dcsilul.

Table 3.

:, -.
I%om main-scquace Iurnirsosily frictions umuld bc fialrer if Lheeffm[s of man sequence mass

loss w= sAen into accounL Table 3 shows the pemxruage expcctcd giant dcficmncy I
assumkg a Salptr (1955) If@ O(m) = m-(l+l) wr[h rwo tiffcrcm slopes x, and for different

mass-loss e-folding tunes, aasuming Ihal an age reduction Porn 18 GyT down 10 12 Gyr IS

Exp3cd % gimu def~irncy for globular cluskr age mduczron from

18 Gyr Io 12Gyr

Mass-bss e-folding Time (Gyr)

IMFx 0.5 1.0 2.0

-1.35 82 72 57

0.0 52 42 :!)

same ewcfeme cxisu fm giant deficiencies among pop 11clutrm Gretn ( 1981 ) found

●few~&*cl~~ mwdti Gti~ti@ W5, M10~NW6i71)ti[~~]

have ● d Micimcy of bright gianrs A numb of SFMSWglobular cluswrs (c.g E3. Hcsscr

el al, 1984: Pal 12, Harritand Canmna 1980. m’td AM-4, Inoun asul Carney lY87)alsxJ have

few (or no) gianss relative so Lku nuxc-frqrulcw counmrparts Sil’chenku ( 1987) uses

mtcgmmd B-V cdcw, which samples fXIMAdy & ~um and subgmnt Lrmnch as _ I() IIW

mam-tequeocc s-, ICI&rIve the ages of 10 globul~ TIustcn; he finds ttm these populalmn~

isdicae ~ of cmly f+ 12 Gyr for -[ of tk clusti. d an age of 14 Gyr for tie oldest

clumcr, NGC 6397 (dad by Pc~ ● 22 GyI ) h IMF danvcd fw 47 Tuc \Mcy!tn 1989)

changa S* shmply al Ltrcsnain-~ucnce Sssrrsoff,from nearly flal, I -0.2-03 flu

masn-~~ stars, to x -2.75- 3.5 fm Smnt-bmnch s-, highllghlrng a pnunhal gmm

deficwncy am! CXCICMof mam-~wncc turnoff t-. Mmy Iow.7. globular c;uuem (M-f.

M15, M68, M92, NGC 6397 md NGC 6752, = c.g McClure eI ●l 1986) enhlbll ~ Ilslwnmg

in their rrusn4qle7ux lUrrUrm iry fumucm ~1&Mv<7, mImle below she mun-uqucncc

tumofl, IJni ccnsM tu wdicmsve c4 an ex~md pileup of stars where rmmslos* Ircrmm

wffatiw Whsle Mse fl~gs am NsggesrIve, they W? noI neccssarrly universal, and II mat

prove wry diffiiulI Iocxplmn why mam-wquencc rrms bib shou!d occur In some. but IWMuII.

clusters Of ccuncm if atmc old clwers arc exempl, * advan~gc O( rccnrwlllng glohuldr

Clusur a#cs Wllh be Hubblc age 1. 10s1
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